wide variety of biological properties of Con A is concerned with its activity of binding to certain saccharide residues on the surface of cell membrane (4), histamine release by Con A from mast cells was investigated to obtain further information on the function of the cell membrane involved in the histamine release.
The present communication confirms the previous observations that Con A induces histamine release from rat mast cells, and further presents evidence that calcium ions are a requisite for this release and that phosphatidylserine (PS), which is known as a selective enhancer of anaphylactic histamine release from mast cells (5), also markedly enhances histamine release induced by Con A in the presence of calcium.
Mast cells were isolated from the peritoneal fluid of male Wistar rats, weighing 300-450g, by gum arabic density gradient centrifugation (6) and suspended in a salt buffered solution (154 mM NaCI, 2.7 mM KCI, 0.9 mM CaCl2, 6.7 mM Sorensen phosphate buffer, pH 7.2, and 0.01 % bovine serum albumin). CaC12 was omitted in some of the experiments. Con A was either prepared by the method of Agrawal and Goldstein (7) or purchased from the Sigma Chemical Co., U.S.A. PS or other phospholipids (obtained from the Applied Science Lab., U.S.A.) was suspended in concentration of 1 mg per ml of a 67 mM Na2 HPO4 solution containing 0.05 % bovine serum albumin, then sonicated at 60 Hz for 15 min and diluted with the reaction medium just prior to use. PS (0.1 ml) was added to a salt buff ered solution (0.8 ml) containing mast cells (1-2 x 105 cells), which was incubated at 37'C for 5 min. Con A was then added to bring the total volume to I ml and reaction was allowed to proceed for 10 min at 37'C. After the reaction was terminated by adding 5 ml of ice-cold salt buffered solution, the reaction mixture was centrifuged at 3,000 g for 20 min. Hista mine in the supernatant and precipitate was determined according to the fluorescence method of Shore et al. (8), omitting the extraction procedure because no substances were present in the supernatants or extracts which interfered with the fluorescence of histamine. The hista mine release was calculated as a percentage of the total histamine content of the cells. Con A (10-100 ug/ml) induced the release of histamine when the medium contained Cat+. Morphologically, degranulation of mast cells was observed. This histamine release was markedly enhanced by the addition of PS (Fig. 1) , depending on the concentration of A. Mast cells (1-2 x 105 cells) were incubated with Con A (10 ,ug;'ml) in salt buffered solution at 37-C, with or without PS (10 t g ,/ml), in the presence or absence of CaC12 (0.9 mM). Total reaction volume was I ml. The reaction was allowed to proceed for 10 min and terminated by the addition of 5 ml of ice cold salt buffered solution. After centrifugation, histamine was assayed in the supernatant and precipitate.
•, Histamine release by Con A, PS and Ca"; C, histamine release by Con A with Ca2+; x, histamine release by Con A and PS without Ca t+. Each plot represents the mean from 3 experiments corrected for spontaneous release. PS, the maximum enhancement being reached at 10 /'g/ml.
PS was not effective in releasing histamine at concentration levels to 100 ,,tg/ml in the absence of Con A. Phosphatidyl ethanolamine, -inositol and -choline, eardiolipin, phosphatidic acid and phosphoserine did not exhibit the enhancing activity as was observed with PS. In the absence of Call, there was no histamine release by Con A or its enhancement by PS. Histamine release by
Con A in the presence of PS increased with the increase of Call concentration in the medium, the maximum increase reaching at 1 mM Call. For this effect Ca2+ could not be substituted with Mgt+, Bat+, Zn2+, Sr2+ or Mn2+. Magnesium was rather antagonistic against calcium.
Histamine release by Con A or Con A with PS in Call-containing medium was dependent upon temperature. The reaction reached maximum within 10 min at 37'C which was the optimum temperature ( Fig. 1) . At temperatures below 15'C, the histamine release was inhibited reversibly, that is, on reincubation of the cells at 37'C the sensitivity to Con A or Con A with PS was normal, but when cells were treated at 45 °C for 1 min the inhibition occurred irreversibly. Histamine release by Con A showed a peak at around pH 7 but when PS was present a plateau resulted at pH levels above 7.5. Histamine release induced by Con A plus PS was inhibited by either methyl-a-glucoside, D-mannose or maltose but not by D-galactose or lactose.
These observations suggest that binding of Con A to the specific carbohydrates on the mast cell surface may promote the incorporation of calcium ions into the cell membrane (or into the cytoplasm) by the aid of PS, and that this process triggers the cellular mechanism of histamine release. Keller (2) reported that histamine was released by Con A from mast cells of rats infected with Nippostronagylus brasiliensis or Syphacia mans but this release could not be observed from the mast cells of parasite-free controls.
He considered that IgE-type rat anti-worm antibodies bind with the mast cell membrane and the bridging of Con A to the sugar in the Fc portion of these antibodies triggers the cellular enzymatic sequences. However, we observed that Con A, or Con A with PS, released histamine also from mast cells isolated from parasite-free rats, and that the release was similarly observed from the mast cells previously exposed to pH 4.0 (unpublished observation) at which anti bodies binding to the cell surface were removed (9). Therefore, the binding sites of Con A which are effective in initiating the process of histamine release may be glycoproteins or glycolipids of the cell membrane. Nature of the enhancement by PS of the Con A effect awaits further study.
